Both sensory and motor mechanisms can constrain behavioural performance. Sensory mechanisms may be especially important for constraining behaviours that depend on experience, such as learned birdsongs. Swamp sparrows, Melospiza georgiana, learn to sing by imitating the song of a tutor, but they fail to accurately imitate artificial tutor songs with abnormally accelerated trills, instead singing brief and rapid trills interrupted by silent gaps. This 'broken syntax' has been proposed to arise from vocal-motor limitations. Here we consider whether sensory limitations exist that could also contribute to broken syntax. We tested this idea by recording auditory-evoked activity of sensorimotor neurons in the swamp sparrow's brain that are known to be important for the learning, performance and perception of song. In freely behaving adult sparrows that sang songs with normal syntax, neurons were detected that exhibited precisely time-locked activity to each repetition of the syllable in a trill when presented at a natural rate. Those cells failed to faithfully follow syllables presented at an accelerated rate, however, and their failure to respond to consecutive syllables increased as a function of trill rate. This 'flickering' auditory representation in animals performing normal syntax reveals a central constraint on the sensory processing of rapid trills. Furthermore, because these neurons are implicated in both song learning and perception, and because auditory flickering began to occur at accelerated trill rates previously associated with the emergence of broken song syntax, these sensory constraints may contribute to the emergence of broken syntax. Ó 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Behavioural performance can be constrained by a variety of factors. Some behaviours may be shaped by the physical properties of the peripheral motor system, or by physiological limitations of the central motor networks that pattern the behaviour (Lauder & Liem 1989) . Other behaviours, especially those that are learned, depend heavily on sensory experience and sensorimotor integration. Therefore, the constraints that shape the performance of learned behaviours could also arise from a limited ability of the central nervous system to accurately encode sensory experience relevant to learning. Juvenile songbirds learn to sing by copying the song of an adult tutor in a process that depends heavily on auditory experience and vocal rehearsal (reviewed in Mooney et al. 2008) . Despite the songbird's remarkable capacity for vocal learning, even the best singers are constrained in their imitative ability (Ryan & Brenowitz 1985; Nowicki et al. 1992) . When tutored with songs containing features exceeding species-typical norms, birds are often unable to accurately copy those songs (Podos 1996; Podos et al. 1999) . A possible explanation for this inaccurate copying is that the properties of the vocal and respiratory musculature, or of the central circuits important to song patterning, limit the bird's ability to reproduce an otherwise accurately encoded auditory representation of the abnormal model (Podos 1996) . Alternatively, learning could be constrained by the brain's inability to accurately encode an auditory representation of a song model with abnormal acoustic features (Marler 1976) . In this study, we recorded the auditory responses of neurons in freely behaving adult swamp sparrows, Melospiza georgiana, to ask whether sensory limitations constrain the representation of abnormal song models that are difficult for young sparrows to copy.
Swamp sparrow songs consist of a multinote syllable trilled continuously at a steady rate. Young swamp sparrows tutored with manipulated songs composed of artificially accelerated trills often fail to copy those songs accurately, producing instead versions of those songs that have been modified in ways that make them apparently easier to produce (Podos 1996; Podos et al. 1999) . Sparrows tutored with song models containing highly accelerated trill rates subsequently sing songs in which they accurately
